As microbrewed beers, which are differentiated by product characteristics including the level of hoppiness, have become increasingly popular, the intrinsic characteristics of beer are more important in consumers' purchasing decisions. The objective of this article is to identify the sensory properties that influence consumers' willingness to pay (WTP) for beer. A contingent valuation (CV) model of WTP that includes subjective consumer sensory evaluations and consumer socio-demographic characteristics is estimated. We find that that overall taste and hoppiness have a significant and a positive impact on WTP.
1
Beer is made of four main ingredients: malt, yeast, water, and hops. These ingredients make it possible to brew horizontally differentiated varieties of beer that range from lighter lagers to hoppier ales. Using different hop varieties and different levels of hoppiness intensity is a key for quality differentiation. Consumers choose a beer based on extrinsic characteristics (e.g. brand, price, and alcohol content), demographic characteristics (e.g. age, income, and education level) and intrinsic characteristics (e.g. aroma, flavor, bitterness, and hop content). Cultural attributes can also influence the consumer's choice of beer (McCluskey and Shreay 2011).
The current article utilizes sensory analysis and the contingent valuation (CV) method to evaluate consumers' willingness to pay (WTP) for beer with different intrinsic characteristics such as taste, hoppiness, aroma, and appearance. The objective of this study is to examine the relationship between sensory characteristics and consumers' WTP for beer and evaluate whether the specific sensory attributes play a role in determining consumers' WTP. The findings will help us to understand consumers' valuation of taste, hoppiness, aroma, and appearance.
Implications can be drawn about potential buyers and how much to charge for the premium quality and taste.
Background
American lagers have long been the most popular types of beer among U.S. consumers and are produced by limited number of large brewers or "macrobrewers." The top twenty firms operating in the U.S. beer industry accounted for over 80% of total beer consumption in the U.S. in 2009 (Tremblay and Tremblay 2011) . Macrobrewers, as the name suggests, produce beer in huge quantities, which drives down the unit costs, as well as, the prices of their products. Lower prices and lighter taste have contributed to the popularity of this type of beer.
In contrast, the number of microbrewers 1 in the U.S. increased over the years from two to over 1700 from 1977 to 2009, respectively (Tremblay and Tremblay 2011) . This shift suggests that consumers' tastes and preferences are changing over time. Unlike macrobrewers, microbrewers do not have the advantage of economies of scale, which makes their beer more expensive to produce. Beer produced by microbrewers is differentiated from American lagers by its taste and other attributes. As the demand for beer from microbreweries has increased, one would assume that consumers' WTP for beer has also increased over time. Furthermore, we hypothesize that the increase of WTP is attributed to intrinsic cues of beer.
Previous studies examine consumers' WTP for beer. Thaler (1985) estimates WTP for beer using survey results. He concludes that transaction utility can affect consumers' WTP. He finds that WTP depends on where the beer is purchased. 2 WTP is higher if the purchasing point is a fancy resort hotel assuming the consumer is on the beach on a hot day compared to the small, run-down grocery store. In a follow-up choice experiment, Ranyard, Charlton, and Williamson (2001) argue that it is necessary to take into account variances within samples, as suggested by Cohen (1988 Cohen ( , 1992 . They conducted two studies: the first one being similar to Thaler's original experiment using a process-tracing approach and the second one used a regression model with larger sample size including seven more scenarios. In the first study, the authors conclude that the seller context has an influence on the WTP decisions for beer was not supported by their 1 Breweries that produce less than 15,000 barrels of beer per year with 75% or more of their beer sold off-site (Brewers Association, 2013a).
2 The survey participants were asked a hypothetical question about either being on the beach on a hot day buying a beer from a nearby fancy resort hotel or buying a beer from the small, run-down grocery store.
price data. They found that relative difference between median prices of two specific markets was only 4% of the average and the distributions of WTP prices in the two versions of the scenario were not significantly different. In the second study, they conclude that although the effect of seller context in beer scenario was relatively small, overall, it was statistically significant.
Beer can be categorized as an experience good because consumers discover the quality of a product only after the purchase of a good. Consumers form quality expectations after the actual consumption. Intrinsic characteristics or sensory attributes are considered one of the major factors for forming quality expectations (Grunert 2002) , which are important factors for the repeat purchase decisions. Comparisons can be drawn with the wine market which is highly differentiated based on factors such as origin of production or appellation, brand or winemaker, expert score, and grape varieties. While some studies find that the majority sensory attributes do not have a significant impact on wine prices (Combris, Lecocq, and Visser 1997; Lecocq and Visser 2006) , others find that intrinsic cues have more significant impact on the WTP (Cardebat and Fique, 2004; Yang, McCluskey, and Ross 2009; Holmquist, McCluskey, and Ross 2012) .
In this article, we analyze results from a sensory experiment and a consumer survey with valuation questions. A double-bounded, dichotomous-choice CV model is utilized to estimate consumers' WTP for beers brewed from different hops. This study provides information for the hop and beer industries about the impact of taste and hoppiness in terms of consumers' preferences and willingness to pay. The objective of the current article is to estimate the WTP for beer based on its sensory attributes. The results will shed light on product characteristics that consumers prefer and how much they are willing to pay for these attributes.
Methodology
While hedonic price analyses study the effect of extrinsic and demographic characteristics on the equilibrium prices in the market, WTP analyses study consumers' maximum willingness to pay.
In a WTP analysis of sensory characteristics, the objective is to examine the maximum a consumer would pay for the product in question and how the sensory properties influence this amount. The CV methodology is a technique that is commonly used to estimate WTP. A double-bounded question sequence was included in the survey. In the double-bounded model, each participant is presented with two bids. The level of the second bid is contingent upon the response to the first bid. If the individual responds "yes," meaning that he or she is willing-topay the amount of the initial bid (B I ), then the individual is presented with a second premium bid (B P ). Alternatively, if the individual responds "no," meaning that he or she is not willing to pay the amount of the initial bid, then he/she is presented with a second discounted bid (B D ).
Since WTP is a latent variable, the sequential questions serve to place upper and lower bounds on the true WTP in a way that it can be partitioned into four intervals based on the answers to the double-bounded bidding questions: (1 
The bid function for individual i is specified as: (1) can be expressed as the choice probability for individual i:
The log-likelihood function is: Maximum likelihood method is the approach that is used to estimate the model.
Data
We recruited 127 untrained consumer panelists with a small non-monetary compensation to participate in this study. All participants signed an informed consent form and the project was approved for human subject participation by a university Institutional Review Board.
Information was collected about panelists' socio-demographics, consumption and beer drinking habits. Only participants of age 21 and older were recruited. Summary statistics for the demographic variables are presented in the Table 1 . 57.5% of the survey participants are male.
The mode age group is 26 to 30 years and the mode annual income between $20,000 and $29,000. Almost 78% of respondents are white/Caucasian. Since our sample comes from a university community, 51% of the panelists of our panelists held an advanced degree. As in all surveys, sample representativeness is of concern to the researcher. We acknowledge that there are limitations regarding the extent to which the findings can be fully generalized to broader populations.
Beers with different attributes, including different hops and bitterness were brewed for the purpose of this study. Data on consumer preferences and perceptions of the sensory attributes of the beers were collected. We obtained blind tastings from at the University's sensory evaluation facilities in 2013. The beer was kept in the cooling area before the experiment. The beer samples were presented in a random serving order, one sample at a time. Four types of beers were brewed from four different types of hops (Columbus, Chinook, Mt. Hood and Willamette) grown at a university-operated facility located five miles northeast of Prosser, Washington. A summary of four samples with hop types, beer styles, and alcohol content is provided in Table 2 . After tasting each of four samples of beer the panelists were asked questions on how much they liked the sample based on the following sensory attributes appearance, aroma, taste/flavor, hoppiness, and overall liking of a sample. These are categorical variables taking values from '1' if the panelist strongly dislikes the sample to '9' if the panelist likes it extremely. Beer 3 was the panelists' favorite in the majority of categories, with beer 2 taking over in appearance category. The summary statistics of sensory attributes are presented in Table 3 .
Panelists were asked contingent valuation questions after assessing sensory attributes of different types of beer. The panelists were given an initial offer and were asked if they are willing to pay $6.99, which was average market price for a 6-pack of beer at the time of the study, for the specific beer. If the panelist answered "yes" to the initial offer, then a higher, follow-up bid was proposed. If the panelist answered "no" to the first offer, then a lower follow-up bid was proposed. To cover the distribution of consumers' WTP, one of four different follow-up premium bids were randomly assigned to each participant who responded positively: $7.49, $7.99, $8.49, and $8.99 and one of four follow-up discounted bids were assigned to each consumer who responded negatively: $6.49, $5.99, $5.49, and $4.99. That is, each panelist, depending on the first response, randomly received only one premium or discounted price offer.
The range of bids was determined by pre-testing of the questionnaire.
Panelists were also asked questions about their beer buying and consumption habits (see Table 4 ). About 41% of our respondents drink beer a few times per week, and 24% drink beer once a week. On average, they drink almost two servings of beer each time. This is comparable to the average U.S. consumption, which is about four pints per week (Beer Institute 2013b). The most common response to the question of where they drink beer is at home. Overall, the most favorite style of beer is amber followed by pale ale and dark/stout. On average, panelists reported that they usually pay $7 to $8 for a six pack, and taste is the most important factor for buying the beer, followed by the price, and the brand. The other factors that affect their consumption choice mentioned by the panelists are label/packaging, recommendations, and brewery specifications.
Panelists were also asked about whether they agree with several statements that are related to their beer consumption. These are 9-point Likert scale categorical variables which take values from '1' if the panelist strongly disagrees with the statement to '9' if the panelist strongly agrees. The data shows that the majority of panelists are eager to try local beers when they are in a new place and they are eager to try new beer as it becomes available in the market.
Descriptive statistics from the data are presented in Tables 2 to 4 .
Results and Discussion
The parameter estimates of double-bounded contingent valuation analysis and marginal effects of variables with confidence intervals are presented in Table 5 . As expected, the bid coefficient is significant at the 1% level and has a negative effect. This means that as the bid amount increases, the probability of choosing to buy the product decreases. Figure 1 shows distribution of the probability saying "yes" to the offer to purchase the beer given different bids.
From the sensory questions, the taste variable has a positive and significant effect at the 1% level of significance. If panelists like the taste of a specific beer and rate it one unit higher on the nine-point Likert scale, they are willing to pay 41 cents more for a 6-pack of that beer.
Taste is one of the major factors for consumers for making repeat purchase decisions. Hence, if consumers like a specific beer because of the taste, they are more likely to buy the beer again and are willing to pay a higher price for that beer relative to other beers. Thus, the results show that microbrewers can demand higher prices for the premium taste of their beer.
Panelists reported how much they liked the hoppiness of each beer. It is likely the case that consumers have heterogeneous preferences for level of hoppiness, which implies that hoppiness is a "horizontal quality attribute." A horizontal quality attribute means there is a distribution over consumer preferences and that an individual consumer prefers the level of that attribute that is closest to his or her ideal. Therefore, if a panelist increases his or her ranking of liking of the sample based on its hoppiness by one more unit on the nine-point Likert scale, then the estimated WTP for the beer increases by eleven cents. However, our result does not imply that the hoppier the beer, the more consumers are willing to pay.
Quality differentiation through the taste is also one of the major tools for microbreweries to differentiate their products in a market highly dominated by macro beers. The numerous varieties of hops make it easier to create new beers with different sensory attributes. Thus, microbrewers can charge higher price margins by brewing a beer with a taste/hoppiness that is liked and perceived by consumers. The appearance and beer aroma, on the other hand, do not have significant impacts on the estimated WTP. It may be the case that the untrained consumer panelists could not discern differences across the beer samples. In fact, the mean scores for appearance and aroma are not statistically different across the four samples. If we had offered a more extreme light lager or dark stout beer, there would have been greater variation. However, beers that are more similar in appearance and aroma allow us to focus on hoppiness.
Consumers with higher incomes are willing to pay more for the beer, and it is significant at the 10% significance level. The result shows that beer is a normal good. The marginal effect of income coefficient shows that if consumers' income increases by one category ($10,000) than their WTP for a 6-pack beer increases by 5 cents. However, age has a negative and significant impact at the 1% significance level on the WTP for beer. Older consumers are willing to pay less for beer; if the age goes up by one year than the willingness to pay decreases by 17 cents.
One possible explanation for the negative relationship between age and WTP may be that older consumers may already have developed taste preferences for specific beers and they are less likely to be willing to pay higher priced for microbrew-style beers. Another possible explanation for this phenomenon is that older consumers might prefer wine or other spirits to beer. Married consumers are also willing to pay less for the beer as the variable is significant at the 10% significance level and has a negative sign. White/Caucasian consumers are willing to pay more for the sampled beers.
Consumption frequency has a significant (at the 10% level of significance) and a positive impact on consumers' WTP for beer. It is possible that panelists with high frequency of consumption are beer connoisseurs, so they are more informed and appreciative of different beers. Therefore, they are willing to pay higher premiums for the sampled beers compared to less frequent buyers. However, if consumers drink beer at home the most, then they are willing to pay less (significant at the 5% significance level).
Not surprisingly, consumers who prefer microbrew beers the most are willing to pay higher prices for the microbrew beers in our experiment (significant at the 5% significance level) compared to consumers who usually consume macro or imported beers. This may represent an exposure effect 3 and/or a preference for microbrew beers. The variable that represents how much consumers usually pay for beer is also significant at the 1% significance level and has a positive impact on the WTP. The result implies that those consumers who already pay higher prices for a 6-pack beer at grocery stores in general are also willing to pay higher prices for the sampled beers.
Respondents who agree more strongly with the statement, "I am willing to drink whatever beer my friends are drinking," are WTP more for beer, and this effect is significant at the 1% level. The interpretation of this result is not obvious. Beer is a product that is often consumed in social settings. Psychological research conjectures that the qualities that affect consumer preferences not only exist in a product but also in the social setting in which the product is being used (Hayakawa and Vinieris 1997) . A possible explanation for this result these respondents are WTP more based on their enjoyment of the product with their friends.
The mean WTP is calculated as ( ) Hanemann 1984) . A confidence interval is calculated using the delta method. The mean WTP is $7.04 for a six pack with a 95%
confidence interval of $6.70 to $7.38. Though the point estimate is slightly higher (five cents) than the initial price (based on the current market price) offered to consumers ($6.99), it is not statistically different. This suggests that consumers, on average, are willing to pay the same price that they face in stores across the four sampled beers. Thus, we cannot say that consumers, overall, are willing to pay higher prices for the new beers offered in this study. Nevertheless, the same consumers are willing to pay higher premiums for the samples if they like the taste and hoppiness of the beers. As we discussed earlier, the effect of taste is statistically significant.
Consumers are WTP a 44 cents premium for superior taste alone.
McCluskey and Shreay (2011) found that for their sample of international subjects living in the United States and who reported that taste is the most important factor in their choice of beer are less likely to prefer U.S. beers. Thus, it may be the case that panelists who have strong preferences for specific taste attributes may underreport the WTP for the new varieties of beer that were presented to them during the experiment. Therefore, the WTP might be understated by those consumers.
Conclusions
Considering the market size and importance of the beer market, surprisingly, this study is the first attempt in estimating the consumers' WTP for beer based on the sensory attributes and consumer demographics. The objective of this article is to study the effects of intrinsic characteristics on consumers' WTP for beer. The findings indicate that taste and hoppiness positively impact consumers' WTP for beer with taste having the largest impact. In our sample with limited variation of appearance and aroma, these factors do not have a significant impact.
Intrinsic cues have long been a major deciding factor for forming quality expectations with positive effects on the repeat business. Taste attributes represent the major differentiating factor for craft beers. The taste and hoppiness have positive and significant impacts on the WTP.
The results show that consumers with higher incomes are willing to pay higher price for the beer in the market. In contrast, age has a negative impact on the WTP. Consumers who drink beer more frequently are willing to pay more. On the contrary, if consumers drink beer mostly at home they are willing to pay less for a 6-pack beer. Consumers who are willing to drink the beer their friends drink are WTP more for beer. As all four beer samples in our analysis are new to panelists, one would expect that overall WTP for beer based on sensory and demographic characteristics might be underestimated. Therefore, the impact that the taste attributes have on real WTP may be higher if consumers already formed taste preferences.
Our findings may be useful in new product introductions into the market. Given beer and food trends in general, we expect for new beers to be increasingly differentiated. Using different hop varieties and different levels of hoppiness intensity is a key for quality differentiation. As consumers find beers that fit their ideal tastes, they will be willing to pay a premium for them.
However, the social aspect of beer makes it different from other products that fall into a "monopolistic competition" category, such as breakfast cereals or candy bars. Since beer is often consumed socially and there is an exposure effect, we recommend for the industry to target more frequent beer drinkers who consume socially. Then, these consumers will both impact their peers' consumption habits and WTP for beer. 
